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2 (S7) Abstract: Ini an optical scanning device for scanning both a high-density, HD, record carrier (38) and a low-densiQr, LD, record 
cainer(18),atwo-vraveIengthdiodelaser(SO)'isusedforgeneratingtheHDscanningbeamandtheLDscanningbeam. Byananging 

O B composite diCEraction element (60) close to the diode laser (SO), which element has a fint diffraction stroctine (63). fw combining 
the HD beam and the LX) beam, and a second diffraction structure (64), which acts as a lens, for either the LD beam or the HD beam 
only, a compact device is obtained, which is suitable for writing die LD information layer (40). 
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The invention relates to an optical scanning device for scanning, in a first 
mode of operation^ a first type of record carrier having a Sist information layer and a first 
transparent layer of a first thickness and for scanning, in a second mode of operation, a 
second type of record carrier having a second information layer and a second transparent 
layer of a second thickness, different firom the first thickness, which device comprises a two- 
wavelength diode laser for generating a first, HD, radiation beam in the.first mode and a 
second, LD, radiation beam in the second mode, an objective system designed for opmtion 
at a first set of conjugates to fociis the HD beam on the first icf ormation layer in the first 
mode and for operation at a second, different,, set of conjugates to focus fhe LD beam on the 
second information layer in the second mode, and a first diQBraction element arranged in the 
radiation path betwe^ the two-wavelmgtfa diode laser and the objective system. 

Such an optical scaiming device is known fix)m the English-language abstract 
of JP-A 11-1 85282. The HD beam and the LD beam are herein understood to mean the 
beams used for scanning an information layer with a higher information density and an 
information layer witii a lower infomoLation densit)^, respectively. 

Generally, the transparent layer in optical record carriers is intended to protect 
the information layer fix>m ambient infiumces, keeping dust particles, scratches etc. at a 
su£5cient distance firom the information layer, and to provide miechanical support to the 
information layer. In other words, the transparent layer fimctions as a substrate for the 
information layer. The thickness of the transparent layer is a compromise between the 
thickness which is desired to give the record carrier the desired rigidity and the thickness 
which is desired in connection with the numerical aperture (NA) of the scanning beam 
incident on the transparent layer. 

The NA of the objective system on the side of the record carrier is determined 
by the resolution the scanning device must have to read or write an information layer with a 
given density. The resolution of the scanning device, which resolution is inversely 
proportional to the rnimrp"Tn scanning spot size that can be formed by the device, is 
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proi>ortioiial to NA/ X, \^dierein % is the wavelength of the scanning beam. For scanning a . 

record carrier witib a larger information density, like the DVD {digital versatile disc), a 

scanning beam, hereinafter referred to as HD (high-density) scanning beam, should be used 

vsiiich has a higher NA and a smaller X than the scanning beam, hereinafter referred to as LD 

5 (low-density) scanning beam used for scanning a record carrier with a lower information 

density, like the CD (compact disc). For record carries with a larger information density, 

thiis requiring a higher NA, it is often necessary to reduce the ftickness of the information 

layer so as to decrease the influence of tilt of the record carrier with respect to the optical axis 

of the scanning device on the quality of the focus, or scanning spot With the advent of novel 

10 record carriers having larger information densities, different types of record earners having 

. different thicknesses of the transparent layer will be coming on the market A compatible 

scaiming device will have to be able to scan the different types of record carriers, 

independently of the thickness of the transparent laya*. The objective system of a compatitde 

scanning device for two types of record carriers shoxild have a first set of conjugates for 

^15 scanning the first type of record carrier and a second, different, set of conjugates for scanning.Vv 

the second type of record carrier. The two conjugates of an objective system iare herein 

understood to mean the distance between the object plane, Le. the emitting surface of the 

radiation source, and the first principal plane of the objective systeno, and the distance 

between the second principle plane of die objective system and the image plane, i.e. the plane 

20 of the infomiation layer, resjpectively. Scanning a record carrier is herein understood to mean 

moving a scanning spot, formed by a scanning beam, and the information layer relative to 

each other for the puipose of reading, writing and/or erasing information. 

In order to obtain two scanning beams having different NAs with one 

' "I 

objective system in a compatible scanning device, a so-called didboroic annular means, for 
25 example, a filter may be arranged in the radiation path before the objective sfystrai or on the 

first surface of this objective system. Such a dichroic filter transmits the HD scanning beam 
. and blocks or deflects the'rim of the LD scanning beam, so diat only the central part of the 

latter beam is transmitted by the objective system to the LD information layer. The LD 

scanning beam forms a scanning spot on the LD information layer, which spot is broader titian 
30 the scanning spot formed by the HD scanning beam on the HD infomiation layer. Especially 

for a compatible scanning device, wherein the LD scanning beam is not only used for reading 
. but also for recording an information layer, and \\^erein a maximal quantity of radiation from 

the radiation source should reach the information layer, a better alternative is to arrange an 

additional lens in the radiation path before the objective system. Such a lens, wiiich may be 
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called a pre-collimator lens, changes the vergence of tfie hcam fix>m title source such that the 
LD beam fills only the central part of the objective system and the NA of the LD beam is 
such that, after passage through the objective system, the beam has the required image side 
NA. The pre-<:ollimator lens should be arranged m the path of the LD scanning beam only. 
5 The HD and LD scanning beams with diflerent wavelengths may be generated 

by two separate radiation sources, for example laser diodes, emitting different wavelengths. 
These scanning beams may be combined, i.e. made co-axial, before entering the objective 
system by a dichroic beam-splitting element, for example a prism or a semi-transparent 
mirror, which transmits a portion of one of the beams and reflects a portion of the other beam 

10 in the same direction. 

In order to reduce the size arid weight of a compatible, scanning device, a so- 
called two- wavelength laser module in combination with a beam-combining element can be 
used, as shown, for exaifiple, in the English-language abstract of JP-A 11 -85282. The two- 
wavelength module is a single laser chip comprising two light-emitting elements, which emit 

15 different wavelengths. The beam-combining element is a diffraction grating, arranged close X 
to the laser chip, which diffracts only one of the beams so that the chief rays of tibese beams, 
or the beam axes, become co-axial. In this scanning device it is not possible to arrange a pre- 
collimator lens in the path of the LD beam only. 

20 • 

It is an object of the invention to provide an optical scanning device as 
described in the opening paragraph, which device is provided vAih a lens means in the LD 
beam only. This scanning device is characterized in that a second diffraction element is 
arranged in the radiation path between the two-wavelength diode laser and the objective 

25 system, which element has a lens function for either the LD beam or the HD beam only. 

It is well known that a lens with two refractive surfeces can be replaced by a 
planar diffraction element, which diffracts the rays of a beam in such a way that the vergence 
of the beam is changed in the same way as by the refractive leas. Such a diffraction element 
may have the form of a diffraction grating having curved grating strips which alternate with 

30 intermediate strips. The grating strips may be formed by grooves in the sur&ce of Ae 

element The invention is based on the recognition that the paramet^ of such a diffraction 
element, for example the depth of the grooves, may be chosen to be such that the element 
acts as a lens only for a radiation beam having a given wavelength. For a radiation beam 
having a different wavelength, the element is just a transparent plate. Arranging a diffraction. 
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element, vMch is designed to dif&act the ID beam only, in the radiation path of tibe beams 
from the two-wavelength diode laser, has the efiect &at the. LD beam meets a lens and tiie 
HD beam does not, although the dif&action element is arranged in the path of bo& beams. 
This diffiraction element changes the vergence of the LD beam so that, in the plane of the 
'' 5 pupil of the objective systetn, tiiis beam has a cross-section w^ch is smaller than that of the 
HD beam and covers only the central part of this pupil. It is also possible to arrange a 
diffraction element that diflfreicts the HD beam only iii the radiation path of the beams from 
the two-wavelength laser. This diffraction element should enlarge the cross-section of the HOD 
beam in such a way that this beam fills the w4iole pupil of the objective systOTL, while the 
10 vergence of the LD beam is not changed and is such that this beam fills only the central pairt . 
ofthepupilv . 

The optical scanning device is preferably fijrther characterized in that the first 

and second diffraction elements are constituted by a first and a second diffraction structure 
'I 

arranged at an entrance surface and an exit surfece, respectively, of a transparent body. 
/1 5 By integrating the two diffraction elements in one element, the number of ^• 

. elements is reduced so that the scanning device becomes simpler and its manufacturing costs 
are reduced. The composed diffraction element can be manufactured by means of well- 
known pressing or replication techniques. By simiiltaneously using a first mould having an . 
inner surface profile which corresponds to the first diflfraction structure and a second mould 
20 having an inner surface profile which corresponds to the second diffraction structure, the 
composite dififraction element can be manufactured in one step. 

The scanning device may be further characterized in that at least one of the 

first and second dififraction elements has a positive lens function. 

.11 

The dififraction element with the positive'lens function may convert a portion 
25 of the divergent LD source beam into a convergent LD beam, and the other dififraction 

element then provides a further adaptation of this beam so that it fills the central part of the 

pupil of the objective system. 

Alternatively, the scaiming device may be characterized in that at least one of 

the first and second diffiraction elements has a negative l^is function. 
30 The dififraction element with the negative lens function may convert at least a 

portion of the HD source beam into a more divergent beam, and the other diffraction element 

then provides a further adaptation of this beam so that it fills the pupil of the objective 

system. 
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The diffraction structures of the composite diffraction element may also have 
such a design that they provide two positive lens functions or two negative lens functions, 
instead of one positive lens function and one negative lens function as mentioned herein 
above. The design of the scanning device as such determines which diffraction structure 
~5 diould provide a lens function and what the lens function should be, positive or negative- 

In embodiments of the scaiming device, wherein the second diffraction 
element has only a lens function to change the vergence of one of the beams, the diffraction 
structure of this element is relatively simple. As the second diffraction element then converts 
an asymmetrical portion of the corresponding one of the source beams to form the beam with 
10 the required vergence, the latter beam may show some asymmetry in intensity, which is 
acceptable under certain circumstances. 

Said latter beam has. a symmetrical intensity distribution in a scanning device 
vMch is characterized in ihkt the second diffraction element is designed so as to select, for 
the beam vs^ose vergence is adapted, a symmetrical portion of the corresponding beam from 
15 the two-wavelength laser. 

As the second dififiraction element should not only have a lens function but also . 
be able to deflect tiie chief ray of the LD beam, its diflfraction structure is somevdiat more 
complicated. 

The scanning device is preferably fiirther characterized in that the first and 
20 second diffraction elements are arranged close to the two-wavelength diode laser. 

The diffraction elements can then be small, because they are arranged at a 
position where the LD and HD beams still have a small cross-section. 

This embodiment of the scanning device is preferably further characterized in 
that the distance between the diode laser and the difl&ackon element facing tiie laser is 
25 between 1 mm and 4 mm. 

For such a distance, the pitches of the diffraction structures are such that these 
structures can be easily manufiictured. 

For the same reason, this embodiment is preferably further characterized in 
that the distance between the first and second diffraction elements is between 2 mm and 8 
30 mm. 

For such a distance, the pitches of the diffraction structures are large enou^ 
for easy noanufacture of tiiese structures. 
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The scanning device niay be furtlier characterized in that a beam shaper is 
arranged in front of the two-wavelength diode laser, which beam shaper has a beam vorgence 
changing entrance face and a refractive exit face. 

With such a beam shaper, the diode laser beam having an elliptical cross- 
5 section can be converted into a beam having a circular cross-section, vnthout loss of 

radiation. An effective and small beam shaper, in the form of a lens, which can be arranged 
close to a diode laser, is disclosed in US- A 5,467,3 3 5, By providing a beam shaper in the 
compatible scanning device, the intensity of the HD beam is increased too, so tiiat this device 
is suitable for writing also a high-density information layer, 
10 . Such a scanning device may be furtha: characterized in that the entrance face 

and the exit face of the beam shaper are constituted by a third and a fourth dif&action 
structure, respectively. 

Such a be^ shaper, which may be called a holographic beam shaper, may be 
designed in such a way ^at it changes the shape of the HD beam only and is invisible to the 
1 5 LD beam. As this beam shaper acts on the beam from only one of the elements of the two- sx 
wavelength laser, it needs to be aligned vnih tiiis element only. 

A scanjiing device, wherein a frirther integration has been inq)lemented, is 
characterized in that the first and the third difQ:action structures are merged in a first 
composite diffraction structure and flie second and tihie fourth diffraction structure are merged 
20 in a second composite diffraction structure, v^ch first and second composite diffraction 
structures are arranged at an mtrance surface and an exit surface, respectively, of one 
transparent body. 

An alternative scanning device, wherein a further integration has been 
implemented and wherein the beam shaper is a lens eliement having a cylindrical entrance 
25 surface and a toroidal exit surface, is characterized in that the first diffraction structure is 
arranged on the cylindrical entrance surface and the second diffraction structure is arranged 
on the toroidal ^t siu&ce. 

With this beam shaper, both the HD beam and the LD beam are shaped. The 
two emitting elements of the two-wavelength laser should be correctly positioned with 
30 respect to the beam shaper. After a first of these elements has been positioned, tiie second 
element can be positioned by rotating the housing of the two-wavelengtihi laser. 
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These and other aspects of the invention are apparent from and will be 
elucidated by way of example with reforence to the embodiments described hereinafter and 
illustrated in the accompanying drawings. 

In the drawings: 

5 Fig. 1 shows a compatible scanning device comprising two diode lasers and a 

pre-collimator lens in the path of the ID beam; 

Fig. 2 shows a compatible scanning device with a two-wavelength diode laser 
and a dif&action element for combining the HD and LD beams; 

Figs. 3, 4 and 5 show a first, second and fliird embodiment respectively, of a 
10 composite diffiaction element and its influence on the LD and HD beams, and 

Fig. 6 shows the pitches as a function of flie position on the two diffiraction 
structures of an embodiment of a composite dif&action element; 

Fig. 7 s)xdv/s the frequencies of these diffraction structures; 
Figs. 8 and 9 are plane views of an embodiment of the first and second 
IS diffiraction structures, of a composite diffiacdon element 

Fig. 1 0 shows Ae phase shift introduced in the HD beam and the LD beam as 
a function of the depth of the grooves of a diffraction structiore; 

Fig. 1 1 shows an embodiment of the scanning device according to Hie 

invention, and 

20 Fig* 1 2 shows an embodiment of a beam shaper for use in the scanning device, 

which shaper may be iiitegrated with the composite diffraction element. 



In these Figures, identical elements are denoted by the same reference 

25 numerals. 

Fig. 1 shows a scanning device, which has a first optical path for reading and 
possibly writing of a first type of record carrier at a short wavelength and a second optical 
path for reading and writing of a second type of record carrier at a long wavelength. The first 
type of record carrier may be a digital versatile disc (DVD) and the first wavelength, for 
30 example 650 nm, whereas the second type of record carrier may be a writable compact disc 
<CDW) and the first v^velength, for example 780 nm. The first optical path comprises a 
radiation source 1, e.g. a semiconductor, or diode laser, which emits a divergent radiation 
beam 2, the HD beam, of the first wavelengdi. A semi-transparent mirror 4 reflects a part of 
the beam 2 towards a dichroic beam splitter 6. When needed, a diffraction grating 3 may be 
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arranged between the diode laser 1 and the mirror 4, which grating forms two diffracted 
beams and a non-diffracted beam. The difl&acted beams are used for tracking purposes. The 
Figiare shows only the non-diffiacted beam for the sake of clarity. The three radiation beams, 
briefly called the radiation beam, are reflected by the semi-transparent mirror 3 towards the 
5 dichroic beam splitter 6 which has a high transmission for the first wavelengtti and passes 
beam 2 with a low attenuation. A reflector 8 reflects the beam 2 towards a collimator lens 10, 
which converts the divergent beam 2 into a collimated beam 12. This beam passes through an 
objective lens system 14, which changes collimated beam 12 to a converging beam 1^ for 
scanning a record carrier 18. The objective lens system may consist of a single optical 

10 element, birt it may comprise two or more optical elements, such as are shown in the Figure. 
The record carrier is of a first, high-density type and comprises a transparent layer 19 haying 
a thicknesis of e.g. 0.6 rnm^ and an information layer 20, onto vs^ch converging beam 1 6 
comes to a focus, or scanning spot, 21. The radiation reflected from information layer 20 
returns along the optical path of beams 16 and 12 and is converged by the collimator lens 10. 

15 The reflected beam passes through the dichroic beam splitter 6 and the beam splitter 4 and is 
converged to a detector spot 24 on a detection system 23 . This system converts the beam into 
an electric detector signal. An information signal representing information steered in 
information layer 20, and control signals for positioning focus 21 in a direction normal to the 
information layer 20 (focus control) and in a direction normal to the tmck direction (tracldng 

20 control), can be derived firom the detector signaL 

The focus control signal can be generated by nieans of the so-called astigmatic 
method. As the beam splitter 4 is positioned at an acute angle relative to the chief ray of the 
reflected and converged beam, this beam splitter introduces astigmatism in tiiis beam. The 
detection system comprises a quadrant detector by means of which tiie shape of tiie cross- 

25 section of the astigmatic beam in the plane of the detection system can be detected* This 
shape is determined by the position of the focus 21 relative to the information layer 20. 
A lens 25 may be arranged between the beam splitter 4 and the detection system. This lens 
may have a spherical concave surface 25 at the side of the detection system and may be used 
as a negative servolens to set the focus of the beam. This can be realized by shifting this lens 

30 along the optical axis. The surface 27 of lens 25 at the side of tiie beam splitter may be 

shaped cylindrically so that this lens has also a cylindrical lens function. TTiis function can be 
used if the astigmatism introduced by the skew beam splitter 4 is too small. It is also possible 
that lens 25 is only a negative lens or only a cylindrical lens. If necessary, an element vAach 



wo 02/25646 PCT/EPOl/10737 

9 

corrects for the coma introduced by the beam splitter 4 may be arranged instead o^ or in 
addition to such a lens. 

The optical path for scanning tite second type of record earner comprises a 
radiation source 31, e.g. a semiconductor laser, which emits a divergent radiation beam 32, 
5 the LD beam, of a second wavelength, e.g. 780 nm. A grating 33 may be arranged in its 
optical path to form three beams in a way similar to grating 3. The dichroic beam splitter .6 
reflects most, for example 90%, of the radiation of the LD beam and transmits the remaining 
radiation of this beam to an additional detector 7. This detector, v^ch is called a feed- 
forward sensor, supplies an output signal that is proportional to flie intensity of the beam 

10 from the diode laser 3 1 and can be used to control the intensiQr of this beam* The LD beam 
reflected by the beam splitter 6 follows the same path as the HD beam to arrive at the second 
type of record carrier 3 8. This record carrier comprises a transparent layer 39, having a 
thickness of e.g. 1 2 mm, and an information layer 40. 

Record carriers 1 8 and 38 are drawn as single, two-layer record carriers having 

15 a semi-transparent infonnation layer 20, but they may also be separate sin^c-lsyer record t 
carriers having transparent layers of different thickniesses. 

The LD beam should be brought to a focus, or scanning spot, 41 on ih& 
infonnation layer 40. The objective system 14 is designed so as to oper^ in the first mode at 
a first set of conjugates, vs^erein the HD beam fi:om the source 1 is focused on information 

20 layer 20, and in the second mode at a second set of conjugates, wherein the LD beam firom 
the source 3 1 is focused on infonnation layer 40. Radiation reflected Scorn information layer 
40 returns along the path of the LD beam to the record carrier 38. A fiirtfaer beam splitter (not 
shown) may be arranged between the dichroic beam splitter € and the diffraction grating so 
as to reflect the reflected radiation towards a fiirlher detection system (not shown). This 

25 detection system for the LD beam has the same fimction as the detection system 23 for the 
HD beam. Preferably, the radiation of the reflected LD beam passing through fhe beam 
splitter 6, which is, for example 10% of the total radiation of this reflected beam, and is 
incident on the detection system 23 is used for reading and controlling of the position of the 
scanning spot 41 on the informatibn layer 40. In this way, a second detection system is no 

30 longer needed and the scaiming device is simplified. If necessary, the intensity of the LD 
beam incident on the detection system can be increased by adding some polarisation 
sensitivity to the beam splitter 6 and by arranging a quarter-wave plate 15 in the path of the 
LD beam between this beam splitter and the objective system, preferably between the 
collimator lens and the objective system. On its way to and from the record carrier 38, the LD 
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beam passes this plate twice, so that its polarization direction is rotated dirough 90° relative 
to the polarization direction of ihs LD beam from the diode laser 3 1 . Due to tiiis polarization 
rotation, a larger part of the LD beam reflected by the record carrier 38 passes through the 
beam splitter 6, while the intensity of the LD beam incident on the information layer 40 is not 
5 decreased. 

The objective system 14 is designed for the first mode to converge the 
collimated HD beam 12 of the first wavelength through a transparent layer 19 to focus 21 on 
information layer 20. Tbie spherical aberration incurred by the converging beam 1 6 in 
passing tranq)arent layer 1 9 is compensated in the objective system 14. the objective system 

10 compUes vvith the sine condition. Iftransparent layer 19 is not present in an embodiment, the 

objective system should not be compensated for spherical aberratioiL.In the second mode, flie . . 
LD beam passes through transparent layra: 39 having a tihidmess which differs firom that of 
transparent layer 1 9. TliS objective system is not compeosated for flie spherical aberration 
. incurred by the thickness of the transparent layer 39. However, it has been established that 

15 the spherical aberration is mahily caused by the outer annular area ofthe objective system, 
through which the border rays ofthe LD beam pass. In a small area around the focus 41, ttie 
wavefiont of tihe convCTging LD beam, showing abOTations,.is spherical in the central pat of 
the objective aperture. The scanning spot 41 comprises a small central area with large 
intensity formed by rays emariating fix)m the central part of the objective ^erture and a 

20 larger annular area, around the central area, with smaller intensity formed by r^ e manat i n g ... 
from the outer area of the objective aperture. TTie quaUty of the central part of 
spot is sufficient for scaiming the information layer 40 and a good scanning spot can be 
obtained by using only rays emanating from the central part ofthe objective aperture for 
foiming this spot A dichroic absorbing or deflecting ring could be arranged before or on the 

25 obj ective system, which ring absorbs or deflects radiation of tibie LD beam and pa^es 

radiation of flie HD beam. TTie objective system theii transmits the whole HD beam but only 
the central part of the LD beam. In this way, a considerable part ofthe intensity of &e LD 
beam is lost and the remaining intensity of tibie scaiming spot 41 is too small for recording 

information by means of this spot. 
30 A better alternative, especially for a compatible scanning device which should 

be able to record information in the second information layer 40, is to arrange a positive lens 
34 in the path ofthe LD beam only, as shown in Fig. 1. This lens converts the divergent beam 
32 from tiie source 3 1 into a less divergent beam 35 and may be called a pre-collimator lens. 
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The LD beam 35 is converted by the collimator lens 10 mto LD beam 36, which fills only the 
central part of the aperture of iht objective system. 

The scanning device of Fig. 1 with the two separated diode lasers 1 and 31 and 
the dichroic beam splitter 6 is relatively complex and large. A simpler and more compact 
5 system can be obtained if a two-wavelength diode laser 5 1 is used, as shown in Fig. 2. A two- 
wavelength diode laser is a composite semiconductor device, which has two elements 51,52 
emitting radiation beams 54,55 at two different wavelengths. Alfliough the distance between 
the emitting elements is as small as possible, the chief rays offbe radiation beams do not 
coincide. In order to make the two beams cd-axial, a specific difi&action element 57 is 

10 arranged in the path of the beams. This element has a phase structure of alternating grooves 
and lands. The depth of the grooves is chosen to be such that the element acts as a grating-for 
one of the beams, for example the LD beam 32, whereas it is a transparent element for the 
other beam. The grating structure is designed to diffract the LD beam in such a way tihat its 
chief ray comes to coincidence with the chief ray of the HD beam. A scanning device with 

15 the two-wavelength laser 50 and the specific diffiaction element 52 is disclosed in the 
English-language abstract of JP-A 1 1-185282. 

In the device of Fig. 2, no separate detection systems for the HD beam and the 
LD beam are needed. The reflected HD beam and the reflected LD beam are incident on the 
same detection system 23. These beams form detector spots 24 and 24*, respectively, on the 

20 detection system. The device of Fig. 2 is suitable for reading both a high-density record 
carrier and a low-density record carrier. However, as flie two emitting elements 51,52 are 
very close together in this device, it is not possible to arrange a positive, or pre-collimator, 

lens in the path of the LD beam only, so that this device is less suitable for also writing 

\ 

information in information layer 40. 

25 According to the invention, this problem can be solved by arranging a second 

diffraction element in the radiation path of the beams fix>m the two-wavelengtti laser device 
50. This second diffraction element has also a phase structure of alternating grooves and 
lands and the depth of tibe grooves is chosen to be such that the element acts as a diffraction 
element for the LD beam only, whereas the element is only a transparent element for the HD 

30 beam. 

The second diffraction element may be a separate element. comprising a 
transparent substrate, one side of which is provided with the diffraction structure. Preferably, 
the first and second diffraction elements are integrated in one, composite, diffraction element 
comprising one transparent substrate of a certain thickness, one side of vsluch is provided 
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witb a first diffiaction structure and the opposite side is provided with a second diffraction 
structure. The number of elements in the device and the costs of manufacturing this device 
are then reduced. The composite diffraction element can be manufactured relatively easily by 
means of moulding or replication techniques in one step if use is made of two moulds, winch 
5 have an inner surface structure corresponding to the first and the second diffraction structure, 
respectively. 

Fig. 3 shows a first embodiment of the composite diffraction element 60 and 
the paths of tiie HD beam.54 and the LD beam 55 fix)m the emitting elements 5 1 and 52, 
respectively of tiie two-wavelength laser to the beam splitter 4 of Fig. 2 and passing throv^ 

10 the dififr^iction element 60. The optical axis of the radiation path portion shown in Fig. 3 
coincides with the chief ray 57 of the HD beam 54. The composite diffraction element 
comprises a substrate 61 that is transparent to the two wavelengths of beam 51 and beam 52, 
. At the side of the emitting elements 5 1 ,52, the substrate is provided with a diffraction 
structure 63, for example a Fresnel lens structure with substantially circular grooves and 

1 5 > lands, which acts as a positive lens for the LD beam 55. This diffraction structure converts 
the diverging beam 55 into a converging beam 65. After having passed the substrate 61, the 
cross-section of LD beam 65 is smaller than that of HD beam 54. At the side remote fix>m the 
- emitting elements 5 1,52,. the substrate 61 is provided with a second diffraction structure 64, 
vsdiich converts the converging beam 65 into a diverging beam 66, the border rays of which 

20 . are substantially parallel to the corresponding border rays of the HD beam 54. The diffraction 
structure 64 acts as a negative lens for the LD beam and may also be a Fresnel lens type 
structure. The depths of the grooves of both diffraction structures 63 and 64 are chosen to be 
such that these structures have no influence on the HD beam 54, i.e. they do not change the 
direction or the vergence of tiiis beam. 

25 The diffraction structures 63 and 64 may be formed as holograms. Preferably, 

the original structures for tiiese holograms, i.e. the structures used for forming the moulds by 
means of which the diffraction element 60 is manu&ctured, are computer-generated 
stmctures. 

In the embodiment of Fig. 3, the numerical aperture of the collimating 
30 structure is small. This is advantageous in view of incident angle dependency of coatings and 
tolerance reqxiirements. In this embodiment, the radiation which forms the beam 66 originates 
fi-om an asymmetrical portion 55 of the source beam. This is indicated by the dotted line 
5 8, which represents the maximum intensity within the beam 55. Due to the asymmetry in the 
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beam 55, also the beam 66 may show some asymmetry in intensity, which is acceptable for 
this beam for reading and writing a low-density information layer.= 

However, as shown in Fig. 4, such asymmetry in intensity can be avoided. In 
the embodiment of this Figure, the radiation of the beam 66 leaving the composite diffraction 
5 element originates from a beam 65, which is a symmetrical portion of the beam from the 
emitting element 52. The line 68 of maxirnum intensity is parallel to the optical axis 57. The 
embodiment of Fig. 4 requires asymmetric diffraction structures 73 and 74, i.e. structures, 
which dp not only dbange the vergence of the LD beam, but also deflect a portion of the 
beam with respect to the optical axis. 

10 Fig. 5 shows an alternative embodiment wherein the diffraction elem^t 80 

introduces changes in the HD beam, instead of in the LD beam. The first diffraction structure 
83 forms a negative lens for the HD beam 78 and converts this divergent beam into a more 
divergent beam 76. At the side of the second diffraction stmcture 84, the cross-section of the 
HD beam 76 is larger than that of the LD beam 75. The second diffraction structure converts 

15- the HD beam 76 into a less divergent beam 77, vAAch border rays are substantially parallel to:£ 
the corresponding border rays of tibe LD beam 75. For the LD beam, vMch should have a 
large intensity for writing, the embodiment of Hg. 5 has the advantage that flus beam does 
not suffer fit>m diffraction losses, \wbich may occur if diffraction structures are used. Such 
diffraction losses can only decrease the intensity of the HD beam, which is used for reading. 

20 - In the embodiment of Fig. 5, a simple diffraction structure 83, which has ohty 

a lens function and selects an asymmetrical portion 78 of ^e beam firom the source 51 for 
forming the beam 77, may be used in the same way as in the embodiment of Fig. 3 if some 
asymmetry in tihie mtensity distribution of this beam is acceptable. If the beam 77 should have 
a symmetrical intensity distribution, a more complicated diffraction stmcture 83, which 

25 selects a symmetrical portion 78 of the source beam, should be used in the same way as in the 
embodiment of Fig. 4. 

The pitch, or grating period, at a given position on the hologram is determined 
by the angle of mcidence of the radiation at that location, which means that the pitch varies. 
By means of Snell's law of refraction, grating equations and geometrical requirements for the 

30 scanning device, the following equations can be derived for the grating pitches P of ttie 
holograms of Fig. 4, as a fiinction of the sine (p) of the angle of incidence on the first 
hologram: 
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Pl(p)- 



sji. + (gji + d). p. (1 -NAo/Nai ) 



P2(p) = ^-tX. 



s.n+ gJLp. ( 1 -Nao /Nai) 



In these equations: 
10 t is the thickness of the substrate 71; 

X is the wavelength of Ihe Lb beari^ *" 

n is the refractive index of the substrate 71; 

s is the distance betweqn the laser elements 51 and 52; 

g is the distance between the lasCT and the'first hologram 73 
15^ Nao is the required numerical aperture of the LD beam incident on the coUimatof lens 10, 

and 

Nai is the numerical aperture of the sub-beam portion of the LD beain from laser element 52, 
vstdch sub-beam portion should be converted into a beam with Nao. 

By computing the values of Pl(p) and P2(p) for a number of different values 
20 for the parameters g and t, it was established that for both holograms: 
the pitch increases if the distance g increases; 
tibe pitch increases if the substrate thickness t increases, and 

the pitch is zero for a given value of p, which given vajaae is different for tibie two holograms. 
For a hologram of the kind discussed h^e to be manufacturable without 
25 problems, the pitch should not be too small. This means that the distance g should be as small 
as possible and the thickness t as large as possible, while tihie oflier design parameters of the 
scanning device should be taken into considemtion. For the scanning device discussed here, 
suitable values for g and t are: 

30 lmm^g^4nun 
2mm ^ t ^ 8 mm. 
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For a practical embodiment of the scanning device, a distance g = 2 mum and a thickness t = 3 
mm are preferred values. For these values and for n = L5 and s = 0. 1 mm, the pitch values 
P(+Nai) and P(-Nai) at the positions where the border rays are incident and the pitch values 
P(0) at the position where the chief ray of the LD beam, captured by the first hologram, are 
5 incident are given below, 

Pi(+Na0 = 4.618fim P2 (+Nai) = -7.136 jim 

Pi(0) =15.7 urn P2(0) = -15.7 pm 

10 

Pi (-Nai) =-11.241 pm PjC-Nai) = 783 pm 

The pitches for other values of p, thus for otiier angles of incidence on other positions of the 

holograms can be taken from Fig. 6. The variation of Pi and P2 as a function of p is 
15 represented by curves 90 and 91, respectively, of this Figure. The corresponding variations of-- 

the grating frequency, thus the ntmiber of grating grooves per length unit (pm) Qi = 1 / Pi 

and Q2 = 1 / P2 are shown in Fig; 7 by curves 93 and 94, respectively. 

The first hologram 73 and the second hologram 74, which have the above 

parameter values, are shown in Fig. 8 and Fig. 9, respectively. The grating grooves of the 
20 holograms 73 and 74 are indicated by 95 and 97, respectively, and the lands between these 

grooves are indicated by 96 and 98, respectively. These Figures cleariy show the variation of 

the grating pitch. 

Calculations of the temperature behaviojjr show that a smaller distance g and a 
larger thickness t are favoured in view of the defocusing as a function of the temperature. 
25 As already remarked, the depth d of the grooves of the holograms should be such tiiat these 
grooves introduce a phase shift of N.2n rad in one of the beams, in Fig. 4 the HD beam, and a 
phase shift of (2N+l)7i rad in the otho:, LD, beam. The holograms have a maximum eflfect on 
the latter beam, while they are invisible to the former beam. The phase shMt A<p introduced by 
a hologram grating in a beam with wavelenglh X is given by: 

30 

A<p = 2n.d..(n- 1)/X. 
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Fig, 10 shows the phase shift as a function of the groove depth d for the HD 
beam, with X = 655 nm, (curve 100) and for the LD beam with X= 785 nm (curve 101). The 
unit for fite phase shift Acp is 2n. It can be derived from Fig. 10 that d = 3.9 joni is the first 
depth for whirh ih^ p^^^^ ""^^^ ^"^^ ^" even Tmmb er of n rad and an odd 

number of Trrad for the LD beam. The phase shift for the LD beam is also an odd number of 
7C, namely 37C, rad for d = 2.3 pm. The phase shift for the HD .beam is then not ^actly an 
even number of 7i rad, but under circumstances this value of d may be usable. It is easier to 
manufacture a holographic grating with a groove depth of 2.3 jmi than a grating witii a 
groove depth of 3.9 \xm. In the embodiment of Fig. 5, the phase shift for the HD beam 
should be an odd nxmiber of % rad and the phase shift for the LD beam should be an even 
number of ti rad. The first groove depth for wdiich this is the case, is d = 4.7 pm. For d - 3.3 
J ^Tn ^ Hxe phase shift for the HD beam is also an odd number of n rad and the phase shift for 
the LD beam is close to an even number of n rad, so that this depth may also be ujsable. 

Preferably, the holographic gratings are blazed for tibe first diffraction order. - 
This means that the walls of the grooves are slanted so that a maximum amount of tibe 
radiation is diffracted in one of the Sxst orders and a minimum amount in the other orders. 
The blaze angle 9 for the first diffraction order is given by: 

Sin(e6tai)= _2i 

P.(n-1) 

As the pitch P varies over the holograms, also the pitches vary over the holograms. In the 
embodiment of Fig. 4, the blaze angle in the first hologram varies &om + 19.9^ via 0® 

to-8,1^ ' ' 

Fig. 1 1 shows a compatible scanning device wherein the invmtion has been 
implemented. This device differs from that of Fig. 2 in that the singje diffraction element's? 
has been replaced by a composite diffraction element, 60 or 70 or 80, as described 
hereinbefore, so that effectively a lens is introduced in the pafli of the LD beam only or in the 
path of the HD beam only. By means of this lens, it is ensured that the LD beam, 66 or 67 or 
75, has a smaller cross-section than the HD beam at the aperture of the objective system 1 4, 
wiiile the LD beam has sxjfficient energy to write information in information layer 40. 
Preferably, the diffraction element is arranged at a position where the crosS-sections of the 
beams are still small, thus close to the two-wavelength diode laser. In this device, one 
detection system 23 is used for both the reflected HD beam and the reflected LD beam. 
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which beams form detector spots 24 and 24% respectively. These spots should coincide 
exactly on the detection system. This can be achieved by adjusting the compoisite diffraction 
dement, 60 or 70 or 80, in the X, Y or Z direction. 

In a scanning device wiierein a diode laser is used as a radiation source, a so- 
5 * called beam shaper can be arranged close to the diode laser to increase thie rim intensity of 
the scanning beam. A diode laser emits a beam whose angular aperture in a plane parallel to 
its active layer, known as the lateral plane, is smaller than the angular apjerture in a plane 
perpendicular to the active layor, known as the transversal plane. At some distance from the 
diode laser, in the so-called far field of the diode laser, tiiie beam.of such a diode laser has an 
10 elliptical cross-section. In a scaiming device for scaiming an information layer, a round and 
small, preferably diffraction-limited, scanning spot should be used. To this end, the objective 
system by means of which the scanning spot is formed must be filled with, a radiation beam 

having a circular cross-section. If the objective system is illuminated by a diode laser beam 

I" I 

which has an elliptical cross-section the dimensions at the entrance ^erture of the objective 

1 5 system should be such that the aperture is filled in the direction of the small axis of the 

ellipse, while in the direction of the long axis of the ellipse an amount of radiation will fall 
outside the aperture. Such a loss of radiation can be avoided by arraiigiiig a beam shtq^ 
which converts the elliptical beam into a round beam, between the diode laser and tiie 
objective system. An attractive beam shaper is disclosed in US-A 5,467,335. Fig. 12 shows 

20 this beam shaper 110, which is a lens element having a cylindrical entrance sur&oe 1 12 and a 
toroidal exit surface 113 and can be arranged close to the diode laser 120. This laser 
comprises a plurality of differenlly doped layers of which only the strip-shaped active layw 
122 is shown. This strip is bounded by two partially transparent mirror fecets 123 and 124.so . 
tihat laser radiation, which is generated v/h&a an electric'current from a current source 129 is 

25 passed through the laser, can leave tiie active strip 2. The cross-section, in the XY plane of 
the three-axis system of co-ordinates XYZ, of the active strip 122 and of the front facet 4 is 
rectangular. Due to this shape, the beam emitted by Hie diode laser is not symmetrical but has 
an aperture angle Pi in the XZ plane parallel to the active strip 122, i.e, the lateral plane, 
which aperture angle is smaller than the aperture angle P2 in the YZ plane, Le. the transversal 

30 plane- The border rays of the laser beam in the lateral plane are denoted by the reference 
numerals 125 and 126 and those in the transversal plane are denoted by the reference 
numerals 1 27 and 128, The entrance surface 1 1 2 has the shape of a part of a cylinder whose 
cylindrical axis is parallel to the Y-axis. For the rays in the YZ plane, the entrance surface is 
a flat interface between, for example air and the lens medium having a r^m^tive index of, Tor 
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example n, so that these rays are deflected towards the Z-axis to an extent which is 
determined by n. In other words, an angular magnification of 1/n , which is a.reductioh, 
occurs in the YZ plane at the entrance siuface 112. In the 5^ . 

h as a curvature R and this surface introduces an angular magnification of n. The exit surface 

5 113 of the beam shaper 1 10 has such a radius of curvature Rl in the transversal plane and is 
arranged at such a Z position that its centre of curvature substantially coincides with the 
image, formed by the surface 1 12, of the laser facet 124. Hie surface 1 13 transmits the rays 
in the transversal plane m an linrefinacted form and the angular magnification in this plane is 
substantially equal to one. In the lateral plane, the exit surface has such a radius of curvature 

10 R2 that its centre of curvature coincides with the virtual image, formed by the surface 1 12, of 
the centre of the laser facet 124 so that the angular magnification in this plane is 
approximately one. Since tiie two virtual images formed by the entrance surface 1 12 are 
located at different positions along the Z-axis, the exit surface 1 13 should have a slightly 
toroidal shape so as to combine these images to one image. Toroidal is understood to mean 

15 that the radiiis of curvature of the surface in the lateral plane difTeis fix)m that m the '.t 
transversal plane. This is shown in Fig. 12 by means of the hon-coplanar periph^al curve of 
ihe exit surface. For further details and embodiments of the beam shaper of Fig. 12, reference 
is made to US-A 5,467,335. 

The scahnmg device of the present invention, comprising a two-wavelength 

20 laser diode, may be provided with a beam shaper. If a beam shaper like that described in US- 
A 5,467,335 is used, both flie HD beam and the LD beam are shaped. If the HD beam should 
have sufficient intensity to write information, a diffraction beam shaper is preferably used 
which shapes the HD beam only. The diffraction beam shaper is provided wifli a diffraction 
structure at its entrance and exit surfaces- These diffraction structures perform the lens 

25 functions of the lens beam shaper. The beam-shaping diffraction element may be integrated 
with a composite diffraction element, for example element 60, described hereinbefore. The 
composite dif&action structure at the entrance surface of such an integrated diffraction 
element is a superposition of the diffraction structure 63 and a diffiraction structure needed for 
beam shaping, and the composite diffraction structure at the exit siirface is a superposition of 

30 the dif&action structure 64 arid a diffraction structure needed for beam shaping. Such an 

integration with beam-shaping diffraction structures is also possible for the other composite 
diffraction elements 70 and 80 described hereinbefore. It is also possible that "die two 
diffraction structures of the diffraction eiemrat 60, 70 or 80 are integrated with tiie entra^e 
surface 1 12 and the exit surface 1 13, respectively, of the lens beam shaper shown in Fig 12. 
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Each of these siirfaces is then provided with a holographic difl&action structure, for example 
modifications of the structures shown in Figures 8 and 9. The two emitting elements of the 
two-wavelength diode laser shovdd be correctly positioned with respect to tihe integrated lens 
hftam s h^er. After a first one of these elements has been positioned, the second element can 
be positioned by rotating the housing of the two-wavelength laser. The diffraction elements 
60 or 70 or 80 or modifications thereof may also be integrated with a beam ^aper of a 
different type than that shown in Fig. 12. 
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1. Ab opticd scanning device for scanning, in a fii^ m 

type of record carrier having a first information layer and a first transpareixt layer of a first 
thickness and for scanning, in a second mode of operation, a second type of record carrier 
having a second information layer and a second transparent layer of a second thickness 
5 different from the first thickness, which device comprises a two-wavelength diode laser for 
generating a first, HD, radiation beam in the first mode and a second, LD, radiation beam in 
the second mode, an objective system designed for operation at a first set of conjugates to 
focus the HD beam on the first information layer in the first mode and for operation s± a 
second, different, set of conjugates to focus the LD beam on the second information layer in 
.10 the second mode, and a first dif&action element arranged in the radiation path between the 
two- wavelength diode laser and the objective system, characterized in that a second 
dif&action element is arranged in the radiation path between the two-wavelength diode laser 
and the objective system, which element has a lens function for either the LD beam or the 
HD beam only, 

15 

2. An optical scanning device as claimed in claim 1 , characterized in that the first 
and second diffraction elements are constituted by a first and a second difiBraction structiupe 
arranged at an entrance surface and an exit surface, respectively, of a transparent body. 

i" V.] . 

20 3. An optical scanning device as claimed in claim 1 or 2, characterized in that at 

least one of the first and second diffraction 'elements has a positive lens function. 

4. An optical scanning device as claimed in claim 1 or 2, characterized in ibat at 
least one of the first and second dif&action element has a negative lens function. 

25 

5. An optical scaiming device as claimed in claim 1, 2, 3 or 4, characteri;zed in 
that the second dif&action element is designed so as to select, for the beam whose ver^nce is 
adapted, a symmetrical portion of the corresponding beam firom tiie two^wavelength laser. 
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5^ An optical scanning device as claimed in any one of claims 1 to 5, 

characterized in that the first and second difi&action elements are arranged close to the two- 
wavelength diode laser. 

5 7^ An optical scanning device as claimed in any one of claims 1 to 6» 

characterized in that the distance between the diode laser and the diffraction element facing 
the laser is between 1 mm and 4 mm. 

An optical scanning device as claimed in any one of claims 1 to 7» 
10 characterized in that the distaiice between the first and second diffraction elements is between 
2 mm and 8 mm. 

9^ An optic£d scaiming device as claimed in any one of claims 1 to 8* 

characterized in that a beam shaper is arranged in fiont of the two-wavelength diode laser, 
15 vs^ch beam sh^er has a beam vergence changing entrance face and a refiractive exit face. . 

10. An optical scaxming device as claimed in claim 9, characterized in tihat the 
eiitrance fece and the exit face of the beam shaper are constituted by a third and a foiurtix 
difi&action structure, respectively. 

20 

1 1. An optical scaiming device as claimed in claim 10, characterized in that the 
first and the third diffraction structure are merged in a first composite diffraction structure 
and the second and the fourth diffraction structure are merged in a secoiid composite 
diffraction structure, vMch first and second composite diflfraction structures are arranged at 

25 an entrance sur&ce and an exit surface, respectively, of one transparent body. 

12. An optical scaiming device as claimed in claim 9, wherein tiie beam shapes is 
a lens element having a cylindrical entrance surface and a toroidal exit surface, characterized 
in that the first diffraction structure is arranged on the cylindrical entrance surfece and^e 

30 second difi&action structure is arranged on the toroidal exit surface. 
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□ IMAGE CUT OFF AT TOP, BOTTOM OR SmES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 



□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 



IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



BEST AVAILABLE IMAGES 




tOLOR OR BLACK AND WfflTE PHOTOGRAPHS 



□ GRAY SCALE DOCUMENTS 



LINES OR MARKS ON ORIGINAL DOCUMENT 



